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Since "1902 irrigation e-xperim en ts have
been a major part -of the research aotivity
on the Greenville (Central) Experimental
Farm ne'a r Logan, Utah . The experiments
have been concerned mainly with the e-ffects ,of different quantities of irrigation
water, the minimum water requirement of
crops, and the eHects of different seasonal
distrLbution 'o,f the water. This p.ublication
aims t o give a brief summary of this work
as it relates to crop yields as well as the
more re-cent results up to and including
1929.

CONDITIONS OF THE EXPERIMENTS

Soil.-The soil of the experimental farm
consists of a uniform, highly oalcareous
silt loam exte-nding downward for about 50
feet with -o nly slight structural interruptions. According to the drilling log of a
pipe well, .the material from a depth of 50
Sto".8
feet down to 120 feet is predominantly
coarse gravel or cobblestones, as shown in
Fig-ure 1. The w~ter-table is permanently
C/7
at about 100 feet. Table 1 gives 'a ' representative m-echanical ,a nd chemical analysis
of the soil. In a very general way it is seen
SftMe6
that the soil is alhou t 43 per cent dolomitic
lime (calcium-magnesium c aJ'lbo nate ), and
$OltdY $oil
42 per cent silica. It is rather low in nitr·o geI;l but 'high in ,total phosphorus and potas·s ium. It is also generously supplied
ston.,
with iron and alumina but is low in organic
matter for such a vroduclive soil.
WQtc,. TObIe
The mechanical analy.sis shows it to conStolle8sist of a;bout 30 per ce-nt of fine sand and
about 50 per cent silt largely in the coarse
Mixe" Mllkl'lo/ silt fraction. There is about 10 per cent
somewhat coarser sand, largely medium in
size of particle

Soil

5.'

100'

Fig. I - Log of well, Greenville (Central)
Experimental Farm, drilled in 1924, showing water-table at approximately 100 feet.
It is noticeable that there is about 50 feet
of uniform silt loam soil with about 50
feet of sand a n d gravel beneath, which furnishes unhampered drainage and a high
retentiveness of soil moisture.

l Cont ribution from Department of A g ronomy, Utah
Agricultural E xperiment Station.
2Associate Agro~omis t and Agronomist, respectively.
The authors are g lad to a ck nowledge their indebtedness to the ex cellen t preceding w ork of Doctors
J. A. Widtsoe and F. S. Harris .
Publication authorized by Director, June 10, 1930.
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TABLE 1.-MECHANICAL AND CHEMICAL ANALYSES OF THE SOIL OF
GREENVILLE ( CENTRAL) EXPERIMENTAL F ARM *
Surface-Foot of Soil (Air-Dry) (%)
Mechanical

Chemical

Coarse sand .... . .. . . . .. .. . 0.21
Medium sand . . . . . . .' .. . ... . 9.63
Fine sand .... ' .. ... . ....... . 30.04
32.25
Coarse silt . ......... . . .
Medium silt ...... . . . . .... . 12.30
Fine silt ....... . .... . ... . . 6.25
Clay ... ... . .... ... . .... . . . 7.62
Moisture . . . . . ......... . .. . 1.60
Soluble .............. . ... . 0.06

Insoluble
Si 02 .. . .... .. . 42.18
Al2 0 3 • • •• . . . • . . . • • . • • . . . . . 5.64
FeO .. . .. . . . . . .. . . .. . . .. . 3.03
CaO . .... . .... .. . . ...... . 16.88
MgO ...... .. . . .... . . . .. . . 6.10
C02 .. . ... ... .. ...... . . . .. . 19.83
P205 .. .. .. . . . . . . ... . ... .. . 0.41
K20 . .. .... .. .. . . . .. . .. .. . 0.67
Na20 ...... . .... . . .. .. . . . . 0.35
N . ... .. ... . ...... : . .. ... . 0.14
Humus . .... . . . . .. .. .... . . 0.53
Volatile . . . . . ... . .... .. .. . . 5.60
Water ... . ....... . ....... . 1.60

Real specific gravity .... . . . '2.67
Apparent specific gravity .. . 1.23

+

*Data taken from Utah Agr. Exp. Sta. Bul. 115.

The clay fraction comprises just less than 8 per cent of the total. Such a
soil, designated as a silt loam, is moderately compact and easy to puddle,
though not excessively so.
TABLE 2.-MoISTURE CONSTANTS OF THE SOIL OF GREENVILLE (CENTRAL)
EXPERIMENTAL FARM
Hygroscopic capacity maximum . . .... .. . . .. .
Wilting (death) point ...... . . . . .. ........ . .
Lento capillary point ........... .. . .. . .
Moisture equivalent of Briggs McLane (M. E.)
Maximum field capacity .. .
Total capacity (Hilgard's method)

Per Cent

Equivalent to
Approx . (M. E .) ·

9
11
13
22
24
35

0.4
0.5
0.6
1.0
1.0
1.6

-

*M. E.-Moisture Equivalent.

'A few of the more conventional "equivalent m~isture" points of the soil
are shown in Table 2. The maximum field water-holding capacity of 24
per c~nt is in keeping with its mechanical analysis. The lento-capillary
point of 13 per cent indicates about the point at which crop plants discontinue active growth. The differ.e nce between these two points, the
range within which crops grow satisfactorily, is 11 per cent moisture
on the dry basis which represents a moderately high storage capacity of
that moisture which is capable of being utilized.
Clirnate.-The precipitation and evaporation at the farm are shown in
Table 3. While the climate is distinctly arid, still the distribution of the
precipitation (predominantly in the winter and spring) is such that the
soil usually contains its maximum field capacity in the spring. Fall irrigation or early spring irrigation to ger minate annual crops is seldom necessary. About the first of June the soil, and especially the surface soil, ordinarily dries rapidly and shortly thereafter irrigation is needed. The pr ecipitation during June, July, and August is usually too scant to be of any
real value to crops, though at rare intervals there may occur a heavy rain
during this per iod which is equivalent to a light ir rigation. Though the
autumn precipitation is slight and erratic, irrigation is seldom needed after
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TABLE 3.-PRECIPITATION AND EVAPORATION AT GREENVILLE (CENTRAL)
EXPERIMENTAL FARM
Precipitation
(1920-29) (in.)
November .. .... .. . . ..
December . . . . . . . . . . . . .
January . .............
February . ......... .. .
March ... . ............
April ....... . ..... . .. .
May . . . . . . . . . . . . . . . . . .
June .................
July . . . . . . . . . . . . . . . . . .
August
.............
September ............
October
Total
........

1.34
1.78
1.45
1.47
1.98
2.32
1.52
0.90
0.60
0.74
1.39
1.64
17.13

Evaporation from Free Water
Surface (1924-29) (in.)
0.49
0.16*
0.10*
0.26*
1.32
3.09
4.50
5.40
5.49
5.44
3.68
2.14
33.09

:======C=======~==================================

*Estimated.

the middle of September or the first of
grass pastures. The growing season for
first part of April until the first part
tender crops it is from the middle of May

October except possibly on bluehardy crops is usually from the
of October, while for the more
until the middle of September.

Irrigation.-Measured quantities of irrigation water were led to the
plats included in this experiment in wooden flumes 3 and applied by the
flooding method. The plats were surrounded by dikes, thus preventing run-

Fig.2.- General view of the plats on the Greenville (Central) Experimental Farm . near
Log an, Utah. The plats are about 1/ 25-acre in size and diked around the edg es.
This holds all the water until it s inks into the soil. The flume delivered the water
to whatever plat was to be irrig ated. Some of t he rotation crops are shown in the
middle foreground.
3Installed in 1900-01. Utah A g r. Exp. Sta. Twelft h Annual Report: XIII.
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off. In interpreting these results this fact must not be overlooked. All
the water, in the quantity stated, went into the soil. The amount of water
is given in acre-inches, or that depth to which the water would cover the
plat if it were all ponded on a level surface. There was a 7 or 7.5-foot
alleyway between plats. Since experiments have shown that in this soil

Fig. 3.- Plats of irrigated alfalfa showing the dike for holding all the water on the plat.
There is also a space of 7 feet between the cropped plat areas. This avoids any
influence on one plat from irrig ation on an adjacent one.

there is almost no horizontal movement of water beyond 6 feet, water
applied on one plat has little if any influence on an adjacent plat.
Crops.-The crops studied are those which are extensively grown in
Utah: Alfalfa, sugar-beets, potatoes, wheat, oats, barley, corn, and canning
peas.

EFFECT OF IRRIGATION ON YIELD OF CROPS
The effect of different quantities of irrigation water on the yield of
the different crops is shown graphically in Figures 4 to 10, inclusive. Because of the variability of the weather from year to year and because of
occasional adjustments in the plan of the experiments, which sometimes
involved use of plats of greater or of less fertility, it has been deemed
advisable to represent each experiment for each year by a separate curve,
rather than to attempt to average a series of somewhat dissimilar results.
This shows the wide variation in the results which are characteristic of
experiments of this kind as well as the general trend of the curves. Each
line, therefore, connects points representing the yields of a crop on comparable plats receiving different quantities of water during the same year.
Alfalfa Yields.--Results of the experiments on alfalfa with different
qU3:ntities of irrigation water are shown in Figure 4.
The curves ascend rather sharply with increased irrigation water to the
point of about 20 or 30 inches, beyond which point they ascend slowly or
move almost horizontally. The yield of the alfalfa was not depressed by
large quantities of irrigation water, at least until the quantity became ex-

\
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Toto I Irrigation (Acre ... /nchas)
Fig. 4.- Curves show ing t h e effect of different quantit ies of irr igation water on t h e y ield of
a lfalfa h ay. E ach line r ep r esents a single compar able series, a ll readin g s in each series
being obtained in a s ing le season . Differ ent plat series t his same year, or t he same
p lat series in anot her year, a re represented by separate curves. The cross-hatched,
curves in t he upper left corner of t he ch art w e re obtained from similar applications of
w ater on a d ifferent f ield w hich for 20 years had been heavily m an u red. An abunda nce
of organic matter in t he soil greatly in cr eases t h e y ield. I n t he m a in , t he y ields of
a lfalfa h a y increase rap idly a s t h e ir rigation water applied is in c r eased f rom none t o
about 20 or 30 in ch es. After t h at t h er e is a g radual in crease i n y ield w it hout any
noticeable decr ea e even w ith 120 in ch es of irrig ation water annually. There was no run off
f rom the p lats ; it was h eld by dikes until it ank in to t he soil. The soil h a d g ood
dr ainag e f or n early 50 or m ore feet in depth.

cessive. This is perhaps a rather unusual effect, but it must be remembered
that this soil has excellent drainage and that it is possible, so far as air
is concerned, for the alfalfa roots to occupy the whole top section of soil
for nearly 50 feet. It is not improbable that the customary depressing
effect of excessive irrigation may be largely due to the exclusion of air
from the roots. Under the soil conditions of these experiments, soil air was
always available to the alfalfa in a large part of the very extensive root
zone. In the case of the more shallow-r ooted crops, excessive irrigation
usually reduced the yield.
The cross-hatched curves on the upper left-hand corner of the alfalfa
chart (Fig. 4), which show a high yield of alfalfa with little or no irrigation, were obtained from certain plats of high productivity which had been
in sugar-beets and potatoes and manured annually f or more than 20 years
previous to seeding the alfalfa. The high yields of these particular plats
show that fertility is a major limiting factor in alfalfa production on this
soil and that with abundant fer tility relatively light irrigation is needed.
The curve for alfalfa in Figur e 11 which shows the average effect of a
single 5-inch irrigation applied at intervals indicates relatively little difference in the effectiveness of the water at different time!': duririg the summer.

BULLETIN

,e

No. 219

/---=

OL-~~~*&~I.+~-+/~6~~~-+~~~-+~~~+-----~6~0~~~~~----~~~-----+oS 111/0

/5"

U.1O

J5.po

~

60

TO

80

90

Toto I Irrtjofion (Acre -,nches)
Fig. 5.- Curves showing the effect of different quantities of irrigation water on the yield
of sugar-beets. Each line represents a single comparable series.
(See legend of
Figure 4 for more detailed explanation.) The yield of beets increased rapidly until
15 to 25 inches had been ' applied. When that degree of soil moisture had been
reached which produced the maximum yield, the application of additional water produced an immediate and distinct decrease in yield. The most favorable quantity of
irrigation water varied with the earliness, the dryness, and the heat of the summer
as well as somewhat with different parts of the same field. However, the curves,
with one or two exceptions, easily noted, have essentially the same general shape.

Sugar-Beets .-The yields of sugar-beets and the various amounts of
water applied are shown by the curves in Figure 5. In many cases there
were plats that received no irrigation, whereas in others at least one irrigation of about 4 or 5 inches was the beginning point. In a few trials,
10 or even 20 inches was the lightest application. In most of the trials, the
heaviest applications reached approximately 25 to 35 inches. In five trials
the greatest total amount of water applied was 96 inches.
An inspection of the curves shows the yield to rise rapidly as the water
applied was increased up to 15 or 20 inches. Several of the curves show increasing yields until 25 or 30 inches have been applied. The yields usually
discontinued to rise with a definite amount of irrigation water, and then
rather clearly declined with more., Unlike alfalfa, there was almost no
range in the amount of irrigation water at which the yield remained
constant. The yields with 50 inches or more of water were so much depressed that in most cases they were smaller when excessive quantities
were applied than when but two irrigations (totaling about 10 inches) were
given. Once the decline in yield began, it practically always continued as
more and more water was given.
The curve for single irrigations with sugar-beets at various seasons
of the year is shown in Figure 11. The highest point on this curve comes
in July, which indicates that the most effective use of one application came
on the average about midsummer, after the spring moisture was fully exhausted but while there was still a large part of the growing season left.
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Fig. 6.- Curves showing the effec t of different quantities of irrigation water on the yield
of potatoes. Each curve represents a s ingle comparable series.
(See legend of
Figure 4 for more detailed explanation.) 'l'he yield of potatoes increased rapidly as
the water was increased up to 15 or 20 inches. With one or two exceptional erratic
cases, the yield decreased when more water was applied than was necessary to
provide the most favorable moisture conditions. There were much wider variations
between the different series with potatoes than with sugar-beets. Possibly the seasonal
influence is greater, or perhaps the dis ease factor is more influential with potatoes.

Potatoes.-The curves for potatoes (Fig. 6) show a rapidly increasing
yield with increased quantities of irrigation water up to about 15 acre-inches.
Usually (though not always) there was a distinct depression in yield
with more than 20 inches of irrigation water. The potatoes were ' more
variable in their response than were most of the other crops. In some
instances, where a large yield of potatoes was secured with a large quantity of irrigation water, the quality of the crop was seriously affected by
lack of air. The curve for potatoes in Figure 11, which shows the average
effect of a single 5-inch irrigation applied at different times during the
year, indicates that a single application of water is most effective when
applied to potatoes about the first of August.
Small Grains.-The yield curves for wheat and barley (Figs. 7, 8) show
a maximum production with about 15 to 20 inches of irrigation water, while
the yield of oats (Fig. 9) may continue to increase, though not rapidly,
with as much as 30 inches of water. The time curves for these crops
(Fig. 11) show that a single irrigation was most effective for all the small
grains when applied rather early in the season-usually in early June
with a rather slow but steady decline thereafter.
Corn.-The yield of corn (Fig. 10) increased with the increased amount
of irrigation water up to 20 to 30 inches. The yield is somewhat depressed
by more than 30 inches of irrigation water. Time experiments , are not as
complete with corn, but the general observation seems to be that a single
application of water is most effective when given in July.

10
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Torol IrriJot/oh (Acr(l. - Inches)
Fig. 7.-Curves showing the effect of different quantities of irrigation water on the yield
of wheat grain . Each curve represents the data from a separate comparable series.
(See legend of Figure 4 for a more detailed explanation.)
The yield of wheat
increased rapidly w ith added water up to 15 or 20 inches, after which it remained
nearly constant till 40 or 50 inches had been applied. More water than this produced
a diminished yield. There are some variations due to different seasons or to soils
differin g somewhat in structure or in productivity.

--

O~----~----~----IS~--~2~O----~S----~----~----~~o~--~r~~-~--~~----~~~
Totol Irrlj ofion (/lere -Inches)
Fig. S.- Curves showing the effect of different quantities of irrigation water on the yield
of barley grain . Each curve represents the data from a single comparable series.
(See legend of Figure 4 for a more detailed explanation.) As the amount of irrigation water was increased from none to 10 or 15 inches, the yield of barley grain
increased rapidly. Heavier irrigation produced either the same or slightly decreased
yields. The two upper series were on a somewhat different and somewhat more
productive soil.
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(See leg end of
Figure 4 for a more detailed explanation. ) In the main, the yield increased rapidly
as the amount of water applied was increased up to 15 or 20 inches. Heavy irrigation
produced either little further increase in yield or even some decrease. The curves
in the upper left corner of the chart represent results obtained on a somewhat
different and somewhat more productive soil.
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Fig. lO.- Curves showing the effect of different quantities of irrig ation water on the yield
of corn grain . Each curve represents a sing le comparable series.
(See legend of
Figure 4 for a more detailed explanation. ) One-third of the corn series was grown
without manure, one-third with 5 tons of manure annually, and one-third with 15
tons of manure annually. This caused a wide variation in total yield. Except for
about two rather erratic series, the shapes of the curves are essentially similar.
The yields increase rapidly until about 20 inches of water have been applied; they
then remain cons tant until about 30 inches have been applied , and then decrease
somewhat for still heavier irrigations.
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Fig. H.-Curves showing the yield of alfalfa hay, of wheat grain, of potatoes, and of
sugar-beets when a single 5-inch irrigation is applied at a different time of the
g rowing season. OnlY one irrigation was applied to each plat in this series. About
July 1 gave the highest return for alfalfa and about August 1 for potatoes and
sugar-beets. For wheat (and also for oats and barley) the earliest irrigation was
most effective. This does not tell when to begin applying water, but when the
crop makes the greatest response to one irrigation during the entire season. Logan
has a rather heavy winter and spring rainfall with p ract ically none in summer. The
soil is more t han 50 feet deep and is reten t ive of moisture.

Canning Peas.-As peas are a relatively new crop in Cache Valley,
ir rigation experiments with canning peas have been less extensive than
with the other crops. The results presented in Table 4 show that early
irrigation was essential for the Alaska variety to keep them from maturing
t~o early; it was usually desirable for the Admirals. By withholding the
first water until rather late, Admirals were benefited in one year out of
three (in 1925, which was a year of high June precipitation).
TABLE 4.-EFFBCT OF
Year
Variety
1st Irrigation
Withheld

OF FIRST IRRIGATION ON ACRD-YIELD· OF
CANNING PEAS (LBS.)
1922
1923
1924 I 1925 I 1926 I 1928
Alaska Alaska Alaska I Admiral I Admiral I Admiral
1406
4188
2388 1 4039 I 3575 I 4895
1069 I 5586 I 1621 I 4625
744
1875
TIME

EFFECT OF SOIL MOISTURE ON YIELD AND 'VATER COST
OF ALFALFA AND SUGAR-BEETS
Paralleling the field experiments on irrigation, was a set of tank experiments conducted to determine (1) the moisture content for the optimum
growth of the various crops in this soil and (2) to find the effect of too
small or too great moisture content. The crops were grown in galvanized
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metal cans 2 feet in diameter and 2.5 feet deep, and holding 476 pounds
of dry soil. The cans were weighed once a week on a steelyard; water was
added until the can was brought up to the desired moisture content, as
shown by the weight. Figure 10 shows the relative yield of the plants in
soil maintained at different moisture contents. ' It is noticeable that all the
crops yielded best when the soil was maintained at from 20 to 25 per
cent moisture. The dotted curves on Figure 12 indicate the water cost of
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Percenta!Jc of' WaTer In
Fig. 12.- Curves showing mean results of a tank experiment in wh ich alfalfa and s ugarbeets w ere grow n with different percentages of soil moisture. The yield of a lfalfa
increased as the w etness of the soil increased, whereas the yield of sugar-beets
increased as the percentage mois ture increased up to 20 per cent and then decreased distinctly as the soil moisture was f urther increased. These results cor respond approximately with the field plat data.
The water cost cur ves show t hat t he more econ om ic u, e of soil moist ure on sugarbeets comes at about 20 per cent , which is about 5/ 8 of t he saturation point. With
alfalfa the smallest applications of w ater w ere t he most efficient, and the more
water applied the less efficient each unit of water became.

these crops, or the number of pounds of water used for each pound of crop
produced. It will be noticed that sugar -beets used water most efficiently
when the soil moisture was maintained at the optimum but that alfalfa used
the water most efficiently at the lowest soil moisture content.
EFFECT OF IRRIGATION ON SOIL FERTILITY

Not only does irrigation water affect the yield of the crop to which it
is applied, but because of its effect on the fertility of the soil it also has
a considerable influence on the yield of subsequent crops on the same area.
In practically all instances studied on the Greenville Experimental Farm
heavy irrigation has reduced the fertility of the soil while light irrigation
has relatively increased it. This is shown strikingly in those cases where
the subsequent crop has received a uniform irrigation treatment following

14
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TABLE 5.-EFFECT OF PREVIOUS IRRIGATION ON YIELD OF SUBSEQUENT CROP
(FROM UTAH Exp. STA. BuL. 188)

Amount of Annual Irrigation for
8 Years Previously

Average Acre-yield of Sugar-Beets
(1st 3 Subsequent Years) (tons)
9.15
6.23
5.79
5.19

None
15 inches
25 inches
37.5 inches

an experiment with different irrigation treatments. Table 5 shows this
effect significantly, where the yield of beets on land previously unirrigated
for a period of years was 9.15 tons as compared with 5 or 6 tons for plats
previously well irrigated. This may also be a partial explanation for the
reduced yields secured with heavy irrigations in those experiments where
the same treatments were continued on the same plats for several successive years. Possibly the alfalfa roots were deep enough to obtain the
available plant nutrients even after they had been leached below the
upper soil layer.
In an attempt to verify or explain these effects on soil productivity tests
have been made for the available nitrogen and phosphorus{ in the surface
soil of plats receiving different quantities of irrigation water each year.
Some of the plats used in the experiment on the irrigation of corn
have been used for this purpose. Table 6 shows that both the available
TABLE 6.-S0LUBLE NITROGEN (NITRATE) AND PHOSPHATE IN THE SURFACE
6 INCHES OF SOIL PLATS RECEIVING DIFFERENT 'Q UANTITIES OF
IRRIGATION WATER YEARLY

I

1926
I 1927 /
1929
I 1930 I
/ 4-28/ 6-18 / 8-6 /9-22/ 6-22 / 8-25 / 6-24 / 7-31 /9-13 13-16 / 4-191 Average

15
11
7

Fa~~W?r~!;!~!on
20" IrrIgation

" "",... 1 15 1 181 41 1 30 1 24 1102 \
....... .. ..
13 13 13 23 17 24
40" irrig ation . .. . .... . . / 11 10
5 10 21 18 1

I

8 I' 28 \ 10 1 1
6 / 8
7 ! 1
6 / 11
5
1

I

I

3
2
2

/1

25
12
9

7

5
4

Fallow Plats
No irrig ation . . . . . . . . . .
20 " irrig ation ... . . .....
40" irrigation ..... . . ...

/,

I
/

30 / 6
25
14 / 132

I

0
0
0

1
1
1

3
4
3

8
6
6

nitrogen and phosphorus were consistently higher in those plats recelvmg
either scant irrigation or none as compared with those receiving relatively
heavy irrigations.
{The nitrate nitrogen was determined by the customary colorimetric method and the watersoluble phosphorus by a modification of the method of Deniges.
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CONCLUSIONS
1. Under average conditions on the Greenville (Central) Experimental
Farm irrigation water beyond 20 or 25 acre-inches usually gave little or
no increase in the yield of sugar-beets, potatoes, alfalfa, corn, or small
grains (there was no runoff of water as it was all held by dikes until it
sank into the soil) .
2. More than 30 acre-inches usually reduced the yield of all crops
grown except alfalfa, which continued to return increased yields up to
60 or more inches of applied water.
3. The average season of the year when a single irrigation was most
effective was as follows: Sugar-beets, late July; potatoes, early August;
and small grains, early June. Alfalfa responded about equally to water
applied at any part of the growing season.
4. The most vigorous crop growth on this soil occurred when it was
maintained at about five-eighths of its total water-holding capacity.
5. Heavy irrigations notably reduced the fertility of the soil, as
measured by nitrates and by avaliable phosphates.
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